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The spectral energy distribution (SED) of high-frequency peaked BL Lac objects (HBL) is characterized by 
two peaks: one in the UV-X-ray and one in the GeV-TeV regime. An interesting object for analyzing these 
broadband characteristics is PKS 2005-489, which in 2004 showed the softest TeV spectrum ever measured. In 
2009, a multi-wavelength campaign has been conducted with, for the first time, simultaneous observations by 
H.E.S.S. (TeV), Fermi/LAT (GeV), RXTE (keV), Swift (keV, UV, optical) and ATOM (optical) to cover the 
two peaks of the SED. During this campaign PKS 2005-489 underwent a high state in all wavebands which gives 
the opportunity to study in detail the emission processes of a high state of this interesting HBL. 



1. Multi-wavelength campaign 2009 

PKS 2005-489 is one of the brightest high-frequency 
peaked BL Lac objects (HBL) in the southern Hemi- 
sphere. It is located at a J20 oo = 20 h 9 m 25.4 s , 
£j2ooo = -48°49'54" [l| and has a redshift of 
z = 0.071 0. In 2004, the first very high energy 
(VHE) 7-rays have been detected from PKS 2005-489 
by the Cherenkov telescope array H.E.S.S. and 
the resulting 7-ray spectrum was the softest TeV 
spectrum ever measured Q. In multi-year studies, 
PKS 2005-489 show large flux and spectral variations 
in the X-ray regime, while only weak variation in the 
VHE band have been detected (e.g. Q). Therefore 
simultaneous observations over a broad wavelength 
range are necessary to investigate the nature of the 
underlying emission processes. 

A complex broadband multi-wavelength campaign 
on PKS 2005-489 was organized by the H.E.S.S. 
collaboration and was conducted from 22 May to 
2 July 2009 with observations by the Cherenkov 
telescope array H.E.S.S., the X-ray satellites RXTE 
and Swift and the optical 75cm telescope ATOM. 
The LAT instrument onboard the Fermi Gamma-ray 
Space Telescope is scanning the whole sky within ap- 
proximately 3 hours and therefore PKS 2005-489 was 
regularly monitored during this campaign. Therefore 
simultaneous information about the brightness and 
the spectrum of the GeV 7-ray emission could be 
obtained. Hence, for the first time, simultaneous 
observations have been taken on PKS 2005-489 with 



H.E.S.S. (TeV), Fermi/LAT (GeV), RXTE (X-ray), 
Swift (X-ray, UV, optical) and ATOM (optical) that 
can be used for variability and spectral studies. The 
lightcurves resulting from this campaign are shown 
in Fig. [TJ 



1.1. TeV 7-ray observations by H.E.S.S. 

The H.E.S.S. experiment consists of four imag- 
ing atmospheric Cherenkov telescopes, located in the 
Khomas Highland, Namibia [5]. The observations on 
PKS 2005-489 have been taken from 22 May to 2 
July 2009 with a break over full moon because the 
Cherenkov telescopes cannot observe during moon- 
time. The data have been calibrated as described 
in [6( and analysed using the standard cuts and fol- 
lowing the method described in [5j. After the stan- 
dard quality selection 13 h of live time remain. A 
significance of 16a (following the method of [7|) re- 
sult for PKS 2005-489 within the whole observing pe- 
riod. The Reflected-Region method [H was used to 
determine an appropriate background for the spec- 
trum. An independent analysis has been performed 
on the same data, but with different calibration, re- 
sulting in compatible results. No significant varia- 
tion of the very high energy emission is measured on 
nightly binning during this campaign and a mean flux 
of F{> 300GeV) = 7.9 x 10~ 12 cm" 2 s" 1 can be de- 
termined. Considering the two months of observations 
each, also no variability could be detected on month 
time scales. The measured flux level is ~ 3 times 
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brighter than during the detection of this source in 
2004 by H.E.S.S. 0. 

1 .2. GeV 7-ray observations by 
Fermi/LAT 

The Large Area Telescope (LAT) onboard the Fermi 
Gamma-ray Space Telescope is a pair conversion 7-ray 
detector sensitive to photons in the energy range from 
below 20 MeV to more than 300 GeV (@). The data 
were analyzed using the standard likelihood tools dis- 
tributed with the Science Tools v9rl5p3 package avail- 
able from Fermi Science Support Center. Only events 
having the highest probability of being photons, those 
in the "Diffuse" class, were used. To limit contamina- 
tion by Earth albedo gamma rays which are produced 
by cosmic rays interacting with the upper atmosphere, 
only events with zenith angles < f05° were selected. 
Time intervals during which the rocking angle was 
larger than 47° were excluded since the Earth's limb 
was in the field of view. Events with energy between 
200 MeV and 300 GeV, and within a 10° region of 
interest (ROI) centered on PKS 2005-489 were ana- 
lyzed with an unbinned maximum likelihood method 
(0; El)- The background emission was modeled 
using a standard galactic diffuse emission model and 
an isotropic component. Point sources within the ROI 
were also included in the model. The fluxes were de- 
termined using the post-launch instrument response 
functions P6_V3_D EFFUSE. A point source is detected 
with high statistical significance at more than 20 stan- 
dard deviations. The best-fit position (20h09m25.0s, 
-48° 49'44.4") has a 95% containment radius of 1.5' 
and is statistically consistent with the coordinates of 
PKS 2005-489. The observations of Fermi/LAT on 
PKS 2005-489 during this campaign show no signifi- 
cant variation and can be described by a mean flux of 
F(200MeV - 300GeV) = (1.6 ±0.5) x 10" 8 cm~ 2 s _1 . 
Due to the rather faint GeV emission, the binning 
of the lightcurve for the time of this campaign was 
choosen to be 10 days. 

1 .3. X-ray observations by RXTE, 
Swift/XRT 

X-ray observations with the PC A detector onboard 
RXTE [l2j have been obtained in the energy range 
2 — 60 keV strictly simultaneous to the H.E.S.S. ob- 
servations from 22 May to 3 June with exposures of 
2 - 4 ks. Due to the high state of PKS 2005-489 during 
this campaign, additional ToO observations have been 
taken with the X-ray satellites Swift and RXTE. The 
XRT detector [l3| onboard Swift observed in photon- 
counting (PC) and windowed-timing (WT) mode in 
the energy range 0.2 — 10 keV on 1 June and 24 
June with ~ 3ks each. The RXTE ToO observations 
have been performed from 30 June to 3 July. Only 
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Figure 1: Preliminary lightcurves of PKS 2005-489 
during this multi-wavelength campaign from 22 May to 2 
July 2009 with observations by the Cherenkov telescope 
array H.E.S.S., the Gamma-ray space telescope Fermi, 
the X-ray satellites RXTE and Swift and the 75cm 
optical telescope ATOM. For a better display, the u and 
uvw2 band data are shifted by 0.2 days. For the 
H.E.S.S., RXTE and Swift lightcurve a nightly binning 
was used and the Fermi/LAT lightcurve is shown in a 
10-days binning. 



RXTE/PCA data of PCU2 and the top layer have 
been taken into account to obtain the best signal-to- 
noisc ratio. The data were filtered to account for the 
influence of the South Atlantic Anomaly, tracking off- 
sets, and electron contamination using the standard 
criteria recommended by the RXTE GOF. For the 
count rate of < 40 cts/s, the faint background model 
provided by the RXTE GOF was used to generate 
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the background spectrum with pcabackest and the 
response matrices were created with pcarsp. Spectra 
of the Swift data in pc-mode have been extracted with 
xselect from an annulus region with an outer radius 
of 0.8' at the position of PKS 2005-489, which con- 
tains 90% of the PSF at 1.5 keV and an inner radius 
of ~ 0.1' to avoid the pileup. An appropriate back- 
ground was extracted from a circular region nearby 
the source with radius of 3'. For the wt-mode, ap- 
propriate boxes (~ 1.6' x 0.3') around the region with 
source photons and a background region with simi- 
lar size was used to extract the spectra. The aux- 
iliary response files were created with xrtmkarf and 
the response matrices were taken from the Swift pack- 
age of the calibration database caldb. To determine 
the flux in the energy range 2-10 keV, a power law 
model taking into account the galactic absorption of 
3.94 x 10 20 cm" 2 (LAB Survey, [3) was fitted to 
the RXTE and Swift spectra. No significant change 
in spectral shape was found over the time of the cam- 
paign. Slight variations could be seen in the measured 
flux with an increase at the beginning of the campaign 
with a following constant flux level over days and a 
slight decrease at the end of the campaign. The high 
X-ray flux of PKS 2005-489 is comparable to the his- 
torical maximum of 1998 ([IH, [3). 

1 .4. UV observations by Swift/UVOT 

The UVOT instrument [TtJ onboard Swift measured 
strictly simultaneous to the X-ray telescope the UV 
and optical emission in the bands u (345 nm), uvwl 
(251 nm) and uvw2 (188 nm) with an exposure of ~ 1 
ks each. The instrumental magnitudes and the corre- 
sponding flux are calculated with uvotmaghist taking 
into account all photons from a circular region with 
radius 5" (standard aperture for all filters). An ap- 
propriate background was determined from a circular 
region with radius 40" near the source region without 
contamination of sources. 

1.5. Optical observations by ATOM 

The 75-cm telescope ATOM [3, located at the 
H.E.S.S. site in Namibia, monitored the flux in the 4 
different filters B (440 nm), V (550 nm), R (640 nm) 
and I (790 nm). The obtained data have been anal- 
ysed with the program midas using differential pho- 
tometry with closeby reference stars to determine the 
absolute magnitudes. At the beginning of the cam- 
paign PKS 2005-489 was in a high state and during 
the campaign the optical flux decreased by ~ 20%. 
Regular monitoring by ATOM and the optical tele- 
scope ROTSE show that PKS 2005-489 has a long- 
term variation of the time scale of years. The moni- 
toring data by ROTSE also shows that the flux in 2009 
is the highest flux since 2005. Since the maximum in 
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Figure 2: Broadband 7-ray spectrum of PKS2005-489 
during this multi-wavelength campaign with 
simultaneous observations by H.E.S.S. and Fermi/LAT 
using the time range shown in Fig. 1. 



2005, the source flux decreased over ~ 1.5 years with 
a slow increase in the following years, until 2009, back 
to the flux level of 2005. In addition this source shows 
a smaller short term variation of the optical emission 
on time scales of months. 



2. Broadband spectra 



A major result of this campaign is the good coverage 
of the high energy peak in the spectral energy distri- 
bution by the HE and VHE 7-ray spectra from the 
simultaneous Fermi/LAT and H.E.S.S. observations. 
According to the common leptonic synchrotron self- 
Compton (SSC) scenario (e.g. [19|]), this peak can be 
explained by inverse Compton emission from a pop- 
ulation of relativistic electrons which upscatter their 
own synchrotron photons into the GeV - TeV regime. 

Since no significant variation of the high energy ra- 
diation was detected by H.E.S.S. and Fermi/LAT, the 
spectrum for the full time range (as shown in Fig. 1) 
was created and the resulting vF v graph is shown in 
Fig. 2. Both spectra have been independently fitted 
by a power law model which is a good description for 
both energy ranges. During this campaign PKS 2005- 
489 shows a harder TeV spectrum than during its TeV 
detection in 2004 [3] where the softest spectrum of a 
TeV blazar with spectral index of T — 4.0 ± 0.4 was 
measured. The peak of the inverse Compton emission 
is located around 10 25 Hz. 
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